CHAPTER II
SOME THEORETICAL RELATIONS BETWEEN TEMPERATURE, PRESSURE AND VOLUME IN THE ATMOSPHERE
In order to acquire a clear understanding of the causes of the actual distribution of temperature in the atmosphere, it will be convenient, first, to consider some of the thermodynamic equations of gases, especially those that give relations between temperature, pressure, and volume.
1. Dry Air.—If to a unit mass of air or other gas at constant pressure p a quantity of heat dQ be supplied, the energy so added will divide itself into two parts. One portion will change the temperature of the gas and the other will change its volume. Hence, if the work is expressed in its heat equivalent, or if each portion of the energy is expressed in heat units and not in units of work, then
dQ = CvdT + ApdV                                  (1)
in which Cv is the specific heat of the gas in question at constant volume, dT and dV the resulting changes in temperature and volume, respectively, and A the reciprocal of the mechanical equivalent of a unit of heat. But to secure the relations desired, the relation of p to T, for instance, when both are variable, it is necessary to have an additional equation involving dT, dp, and dV. From Boyle's and Charles's laws, we have the equation,
PV = Sf-'T, J. o
which expresses the fact that for a given quantity of gas the product of pressure and volume varies directly as the absolute temperature T. So long, then, as the quantity of gas involved and its temperature are constant, so also is the product pV. But when this quantity is one gram and the temperature 0° C., it is convenient to speak of the quantity, p0V'o/Toj as the characteristic constant R of the gas in question. In general, then,
pV = RT,
in which the value of R depends solely upon the kind of gas. Hence, differentiating,
pdV + Vdp = RdT.                                  (2)
To find the relation between dp and dT, it is only necessary, by aid of equation (2), to eliminate dV from equation (1); thus
dQ = CvdT + A (RdT - Vdp)                           (3)
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